New chiral nitrogen ligands based on the substituted mono-and bis(imidazolyl)pyridines have been prepared and characterised. Their complexes with cupric acetate were used as catalysts in the nitroaldolisation reaction. In the case of optically pure complexes of mono(imidazolyl)pyridine, the isolated products were 2-nitro-1-(2-nitrophenyl)ethanols or 2-nitro-1-(4-nitrophenyl)ethanols in overall yields of 49-93 % and with the maximum enantiomeric excess of 15.6 %. The complexes of bis(imidazolyl)pyridine also catalyse the nitroaldol reaction, the yields being 64-90 %, but with zero enantioselective excess.
In recent years, the development of new chiral ligands and their complexes with transition metals has been dynamically increasing [1, 2] . These complexes are predominantly exploited as homogeneous catalysts within a broad spectrum of asymmetrical syntheses [3] . The ligands prepared in this study on the basis of mono-and bis(imidazolyl)pyridines are formally similar to the ligands with oxazolines "Pymox" [4] and "Pybox" [5] , which belong among the best-known and widely applied nitrogen ligands. One of the most advantageous reactions for creating new C-C bonds at mild conditions is nitroaldolisation reaction [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . It is a reaction of carbonyl compound and nitroalkane having α-hydrogen atom, which is usually catalysed by metal complexes in the presence of bases (tertiary amines, sodium acetate) [6] [7] [8] [9] [10] [11] [12] . Another possibility consists in the catalysis by weak Lewis acids, which are components in complexes with mildly basic ligands (carboxylates) that can act as bases and deprotonate nitroalkane [13] [14] [15] [16] [17] [18] [19] [20] [21] . The product of nitroaldolisation reaction is β-hydroxynitroalkane, which can further be reduced to 1,2-amino alcohol, can undergo the Neff reaction to give the respective carbonyl compound, or can be dehydrated to nitroalkene [19, 22] . In the previous paper, the synthesis and characterisation of (R,S )-, (R,R)-, (S,S )-2,6-bis(4-isopropyl-4-methyl-4,5-dihydro-1H-imidazol-5-on-2-yl)pyridines and their complexes with ferric chloride was described [23] .
The aim of the present paper is the synthesis and characterisation of new chiral optically pure 2-(4-isopropyl-1,4-dimethyl-4,5-dihydro-1H-imidazol-5-on-2-yl)pyridine (I ) and 2,6-bis(4-isopropyl-1,4-dimethyl-4,5-dihydro-1H-imidazol-5-on-2-yl)pyridine (II ). These ligands were prepared by N-methylation of the optically pure 2-(4-isopropyl-4-methyl-4,5-dihydro-1H-imidazol-5-on-2-yl)pyridine or 2,6-bis(4-isopropyl-4-methyl-4,5-dihydro-1H-imidazol-5-on-2-yl)pyridine (Scheme 1).
Starting ligands [8] (3.6 mmol each) were mixed in argon atmosphere with potassium t-butoxide (5.4 mmol or 11.3 mmol, respectively) and the reaction mixtures were stirred at room temperature for 1 h. After that, t-butyl alcohol was distilled off under reduced pressure and the evaporation residues were dissolved in 10 mL of dry DMF. The reaction mixtures were cooled under argon atmosphere and treated with methyl iodide (6 mmol or 13 mmol, respectively). The suspensions formed were stirred at room temperature for 3 h, whereupon DMF was distilled off and the evaporation residues were mixed with water. The suspensions obtained were extracted using two times 30 mL of ether and filtered through a plug of silica. Removal of the ether by distillation gave oily products I and II, respectively (Tables 1 and 2 ).
These new optically pure substituted mono-and bis(imidazolyl)pyridines can be applied as N,N-bidentate ligands (I ) and N,N,N-tridentate ligands (II ) to form complexes with metals. In order to evaluate the catalytic properties of these complexes the enantioselective nitroaldol ("Henry") reaction was chosen. As the starting substrates 2-nitrobenzaldehyde or 4-nitrobenzaldehyde were chosen. Their reaction with nitromethane (Scheme 2) was catalysed by the complexes formed in situ from the chiral ligand I or II and cupric acetate, where the acetate anion acts as a base. The products of chosen nitroaldol reaction were 2-nitro-1-(2-nitrophenyl)ethanols (III ) and 2-nitro-1-(4-nitrophenyl)ethanols (IV ), respectively. Table 3 summarises the yield of isolated products ranging between 49 % and 93 %.
According to the data presented in Table 3 , the complexes derived from N,N,N-tridentate ligand II catalyse the nitroaldol reaction, but almost without asymmetrical induction. The negligible enantioselective yield can be caused by the low stability of the complex in the solution, where the non-coordinated acetate ion operates as another catalytic species. The reaction catalysed exclusively by the complexes as reactive species derived from ligands II is either considerably slow, or does not proceed at all. Lower catalytic activity of the complexes comprising N,N,Ntridentate ligand II can be attributed to the steric III ( effects, e.g. compared to complexes derived from 2,6-bis(4-isopropyl-2-oxazolin-2-yl)pyridines used for the same reaction but not containing the two methyl groups situated at the two stereogenic centres [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Nitroaldol reaction carried out in the presence of complexes derived from N,N-bidentate ligands I, which have only a single stereogenic centre, showed an asymmetric induction with the maximum optical yields of 15.6 % and 14.4 % for 2-nitrobenzaldehyde and 4-nitrobenzaldehyde, respectively. It is generally known that the optical yields are significantly affected by temperature, and this is also obvious from the data of the table. In the case of complexes derived from the compound I, further decrease of temperature would probably somewhat increase the optical yield, however, the reaction time would be inappropriately longer.
In conclusion, it can be stated that the complexes of monosubstituted pyridine I with one stereogenic centre are not sufficiently sterically rigid for attaining a high enantioselectivity in nitroaldol reaction. On the other hand, the complexes derived from the disubstituted pyridine II are probably too sterically demanding to catalyse this reaction at all.
